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The soft body parts of 
freshwater bryozoans depicted by 
scanning electron microscopy 

M.G. Walzl & E.R.Woss 


Abstract: For the first time, special scanning electron microscopical preparation techniques, i.e. chem- 
ical dehydration and air drying with hexamethyldisilacane, were used to study the Phylactolaemata. 
This approach depicted the growth form of colonies and the outer structures of zooids of Plumatelhi cos- 
miana and P. fungosa three'dimensionally. The structures of cystids and polypids, for example the cystid 
wall, lophophore, gut, funiculus and the muscles, are represented using dissected zooids. Moreover, this 
technique revealed the structures of both asexual reproduction (the buds, the generation and germina- 
tion of statoblasts) and the organs for sexual reproduction (testis, ovar>', embryo sac, larva). 
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Introduction 

The phylum Bryozoa consists of three 
classes, the Phylactolaemata, Gymnolaema- 
ta and Stenolaemata (Ryland 1970). The 
vast majority of bryozoan taxa are marine, 
inhabiting depths from the intertidal to the 
abyssal. Freshwater bryozoans comprise a 
smaller number of about 60 species (WOOD 
1989) and can mostly be assigned to the 
class of phylactolaemates. This group exclu' 
sively inhabits freshwater, as do a smaller 
number of gymnolaemate species, all be- 
longing to the order Ctenostomata. All 
freshwater bryozoans lack mineralized skele- 
tons. This is in striking contrast to most bry- 
ozoans, which have skeletons made of caU 
cite or, less frequently, aragonite. All Steno- 
laemata and the order Cheilostomata of the 
Gymnolaemata possess calcareous skeletons; 
they are among the most common groups of 
macrofossils found in the post-Cambrian 
marine fossil record (TayloR 2005). In to¬ 
tal, 14-700 species have been described in 
the fossil record (HOROWITZ & PaCHUT 
2000), and about 5.600 extant bryozoans are 
known (TODD 2000). The morphological 
features of bryozoan skeletons form the basis 
for classifications, and these features differ 
between the tubular scenolaemate bryozoans 


and the boxlike gymnolaemate cheilo- 
stomes. In most stenolaemate bryozoans, the 
exterior surface is insufficient to differenti¬ 
ate taxa, and taxonomic separation in that 
group relies heavily on characters visible in 
petrographic thin sections (SANDBERG 1977, 
see also Ernst and Scholz et al. this volume). 
The frontal surfaces of cheilostome zooecia, 
however, are covered by membranes or by 
calcified walls which offer varying amounts 
of morphological details (Banta 1973; see 
also Bader & Schafer, Novosel, and Vavra 
this volume). In the latter case, scanning 
electron microscopy (SEM) is broadly used 
to study bryozoan skeletons and has became 
the standard tool in taxonomic work for 
both palaeontologists and biologists. Even 
in ctenostomate bryozoans, where calcified 
skeletons are missing, the process of bioim- 
muration (the preservation of an organism 
by the skeletal overgrowth of a neighbour¬ 
ing encruster) allows the details of the 
zooids to be described using SEM techniques 
(Voigt 1966; Taylor 1990; Todd 1994). 

In the phylactolaemate group, the soft- 
bodied zooecia offer less distinctive charac¬ 
ters (Kraeplin 1887, 1892; Braem 1890; 
Hyman 1959; Lacourt 1968; Woolla- 
COTT &. Zimmer 1977; Mukai 1982). In 
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contrast to marine species, where hetero' 
zooids such as avicularia and vibracularia are 
present (Ryland & Hayward 1977; HaY' 
WARD & Ryland 1979), the uniform shape 
of the autozoids of phylactolaemate species 
has raised less interest for SEM studies. Uh 
trastructural investigations on spermatozoan 
structure and larva (Franz^ 1982, FraN' 

& SensENBAUGH 1983) sporadically in^ 
volve SEM. Most ultrastructural work, how^ 
ever, has traditionally focused on statO' 
blasts. These dormant bodies are excellently 
suited for SEM because their shell consists 
of a chitinised cuticula. They have been the 
target of numerous comparative morphology 
ical investigations (e.g. WiEBACH 1974; 
Rao & Bushnell 1979; Mukai 1999; 
Mundy 1980; Goethals et al. 1984; Oda & 
Mukai 1985; Geimer & Massard 1986; 
Pourcher (St d’Hondt 1987; Wood (Sl 
Wood 2000). In some cases, such as within 
the genus Plumatella, SEM has become the 
only reliable tool for species distinction 
(Geimer (St Massard 1987; Wood 2001; 
TaticCHI (St PlERONI 2005 and see also Tat' 
icchi et al. this volume). 

Despite the great benefit of SEM, this 
standard method has rarely been used to 
study the soft-bodied outer and inner parts 
of the zooids (but see: MUKAI et al. 1997), 
probably due to the complexity of the prepa¬ 
ration techniques required. This SEM study 
is an introduction for further ultrastructure 
work on reproduction in freshwater bry- 
ozoans. First results are presented in prepa¬ 
ration techniques of soft-bodied inner and 
outer parts of the zooids of two species, Plu- 
matella fungosa and P. casmiaruz. These 
species have already been examined with re¬ 
spect to the formation of sexual and asexual 
propagules and the reproductive cycle in 
freshwater bryozoans (WOSS 2002). 

Material and methods 

Colonies of Plumatella casmiana were 
collected on 17.5.1992 from a pond at Lax- 
enburg (Lower Austria) and colonies of P. 
fungosa on 7 7. and 3.9.1992 from a backwa¬ 
ter of the Danube River at Bad Deutsch Al- 
tenburg (Lower Austria). 

The colonies were transported in pond- 
water, along with the logs and twigs on 
which they grew, to the laboratory and left 


there undisturbed at least until most of the 
polypids had protruded. Then, with a 
pipette, a saturated aqueous solution of 
chloral hydrate (Cl 3 CCH(OH),) was added 
dropwise and carefully to the water surface. 
The specifically heavier chloral hydrate so¬ 
lution sinks down to the colony and narco¬ 
tizes the zooids, so that most of the polypi- 
des remain protuded. After 15 minutes, an 
equal volume of 1 % aqueous buffered 
formaldehyde solution with pH 7.2 (Lillie 
1954) was added. For definitive fixation the 
colonies were removed and immersed into a 
4 % buffered formaldehyde solution. The 
colonies were stored in this medium until 
examination. 

For further detailed SEM investigations, 
selected parts of colonies or single zooids 
were separated from the substratum using a 
sharp razor blade and transferred to distilled 
water to wash out excessive formaldehyde. 
The distilled water was changed 3 times af¬ 
ter 15 minutes (important to avoid precipi¬ 
tation during the following processes). Af¬ 
terwards, the samples were dehydrated 
chemically with acidified 2,2-dimethoxy' 
propane (DMP) (MuLLER (St Jacks 1975). 
For acidification and activation, 1 ml 25 % 
HCL was added to 100 ml DMP shortly be¬ 
fore use. For rapid dehydration, 1 part water 
in the sample vials was mixed with 3 parts 
DMP. A rapid cooling of the vials docu¬ 
mented the endothermic chemical process 
that yields anhydrous methanol and ace¬ 
tone. After 20 minutes (although an 
overnight delay has no negative effect) the 
solution was replaced twice with water-free 
acetone, for 15 minutes in each case. The 
acetone was exchanged with HMDS 
(1,1,1,3,3,3-hexamethyldisilazane), the 
sample initially being immersed for 30 min 
in a 1:1 mixture of acetone and HMDS fol¬ 
lowed by 30 minutes in pure HMDS, and 
then air dried on filter paper under a fume 
hood (Bray et al. 1993; NATION 1983). Af¬ 
ter drying, the samples were transferred in¬ 
dividually on aluminiumstubs using a fine 
pencil. Single zooids or parts thereof were 
mounted with TEMPFlX-thermo glue 
(Neubauer Chemikalien company, Ger¬ 
many), and parts of colonies or groups of 
zooids were mounted using silver paste. All 
samples were then sputter coated with 40 
nm of gold in a Agar B 7340 sputter coater. 
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Specimens were exatnined at 10 to 15 
keV in a Philips XL20 scanning electron mi' 
crosctype and photographed digitally. In or¬ 
der to s“iew the internal organs, zcxiids were 
opened wUh two tungsten needles that were 
sharpened hv repearediy inserting the nee¬ 
dle tips mro an a^^ueous ptitassium hyJroX' 
ide solution under 6 volts of alternating cur- 
rent generated by a micrascope transformer. 
The looids were opened either in the phase 
of washing in water m after air dn mg. 

Results and discussion 

The colonies of Plumatella casmiana and 
P. /ungDsa are charactetited by a different 
growth form. PluTiuueik cosimana shows an 
irregularly ‘'knotty*’ arrangement of zcHiids, 
which are attached to the substrate in a 
sheetlike growth fonn; colonies of R /loi' 
gtjsa, however, are packed more densely, 
with regular fused looiJs resulting in an 
erect and massive growth form (Fig, I). 

The fully grown monomorphic zixnds of 
both species differ in size. PlutTuatefk casmi- 


am zooids are smaller and the horseshiie- 
shaped lophophore therefore bears only 25- 
40 tentacles, w’hereas 40^60 tentacles are 
present in P. fmgom (Fig. 2), The single 


Fig. 2: Zooids with protruded polypides of 
Plumatetia casmiana (a) with rough, 
incrusted outer cystid wall and collar 
region (co) and P. fungosa (b) with smooth 
outer surface of cystid wall. 



Fig. 1: Plumatelta fungosa - endocyst body wall with epidermis (ep), circular muscles (cm), 
basement membrane (bm), longrtudinal muscles (Im) and ciliated peritoneal cells (pe). 
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Fig. 4: Plumatella 
fungosa - 
endocyst body 
wall with pits (pi) 
arround the edge 
of the orificium 
(or) and rows of 
epidermal cells 
bearing 
extensions (ex). 


Fig. S: Piumat^Ua fungosa - young, newly budded zoo id. polypide retracted, regularly 
distributed pits (pi). 



comisf [wt» tynctum.il units* the 
cystid (with if> protective coser and the 
budding rcfiion mcluJin^ the female repro- 
JuL'tive orgam) and the ptilvT*id. which 
ma I n I y sen es fo r. n ut ri t ion and respi ra t h m, 

All cysfiJs P. fun^isa have a smi^soih 
iiuter surface* whereas those of P cmmikimi 
have a rougher outer surface usually incrust- 
eJ hy microparticles and tend tu form a keel, 
A conspicuiHis feature is that tlie anterior 
end of the P casmiam cysnd has no mcrus- 
lations and shows a distinct collar region 
(Fig. la* 2a). 

Tile body wall of the cystiJ ct>nsists t>f an 
outer non-living part and an inner living 
pan* w'hich ends with the outermost epider¬ 
mis. The inner part of the body wall (endo- 
cyst) is not CimnecteJ ngiJly with the outer 
part of the Knly wall (eenKyst). Therefore, 
during preparation* the endtxvsr can he eas¬ 
ily pulled out from the chinnut>us ectt>cysi 
tube (sheath) to investigate the .surface i>f 
the epidermis. The endocyst wall is multi-' 
layered, and its mesodermal part is separated 
from the ectixJermal part by a basement 
membrane. On the outside iif the hasement 
membrane is the onedayered epidermis* with 
a circular muscle layer in between; on the in- 
ner side there is the perinmeal epirhelium iif 
the metacoel* underlain by a longitudinal 
muscle layer (Fig. 3). The innermost layer of 
the endiK-ysf wall is the periTimeum of the 
metacoel in certain areas of this cix^lotheli- 
um. groups of cells bear cilia for circulation 
of the ctxlomic fluid. Lich cell ha.s clearly 
visible cilia arranged in a row^ like the teeth 
of a comb (Fig. 3). This arrangement proba¬ 
bly more effectively rrampiins coelomic flu¬ 
id. At Mime specimens, certain ectocyst- 
sheath-sec re ting epidermal cells hear cem- 
spicuous extensions, proha hi y to ;mchiir the 
endocyst to the ectijcvst tube. In P /tmgoMi 
these epidermal extensions are Mimeilines 
arranged m series of rows {Fig. 4). Tlie ori¬ 
fice ol the cyst id IS Mimeiimes surti funded by 
pits (Fig. 4), and especially the v<^nng looids* 

Fig. 6: P/umafe/Za casmiana, dorsolateral 
view - polypide protruding from the 
orificium (or) of the cystid (cy) with the 
horseshoe-shaped lophophore (lo) and the 
anus (an) outside the lophophore. Ciliated 
tentacles (te) originate on the lophophore, 
and are mterconnected at their base by an 
mtertentacular membrane (tm). 
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Fig. 7. fungosB - tentacles with 

rows of mult (ciliated cells at their lateral and 

inner sides, 

shortly after cvaginaium, show a regular 
arrangement oi these pits. These structures 
can he mterpreted either as senscirv' pits or as 
vestibular ptires (Fig. 5). 

Tire ptil\ 7 iJc comisD of the lophophore 
anJ the V*shaped gut, which is connecteJ 
with the ventral cyst id wall by a hollow 
peritoneal cofJi, the timiculus- 

The lophophore bears fcntacies mter- 
conneereJ at their bases by the intenentac' 
ular membrane, a fold of the lophophore 
(Fig. 6), Three rows ot epidermal cells ol the 
tentacles l^ear cilia directed laterally and to 
the inner side of the lophophore. The s^ti- 
chronued heating ivf the cilia generates a 
water current that rranspiirts particles to¬ 
ward the mouth (Fig. 7, 8). Tire mouth is 
situated centrally on the lophttphore and is 
encircled by the tentacles, CV^rsally, the 
mouth IS o^'erhung by a Hap, the epiSTomet 
which can close the opening (Fig. 8). As op- 
fKised to the mouth opening, the anus lies 
outside the tentacle circle at the diirsally 
open side ot the lophophore (Fig. 6). 

Tlie gut is divided into different parts - 
the phar>mx, oesophagus, cardia, caecum and 
the intestine - and hangs into the coelomic 
cavity tif the cysiiJ. A large, paired muscle on 
either side of the gut extends across the meta- 
ctxd. On one side, the muscle inserts in the 
ventro'lateral cystid wall, and on the other 
side ai the hiise of the lophophore, i.e. at the 
tentacle sheath, w'ith two smaller bundles al¬ 
so inserting directly on the gut (Fig. 9), The 
gut wall consists of the endothelium and tw'o 
layers of muscles* an inner circular muscle 
layer and an tnirer longitudinal layer. At the 
bulged end of the V-shaped gut, the peri- 
roneum of the gut continues to a holf<jw peri¬ 
toneal cord, the funiculiis {Ftg. 10). 

The funiculus runs acmss the metacoel 
and passes inti) the pert tone um t)f the cyst id 
wall IFig. 11). Statoblast formation begins 
at the insenion area tif the border funicylus- 

Fig. 9: PfumBteita fungosa - two dissected 
zooids with opened cystids (cy). Gut (gu) and 
retractor muscles (rm). tentacle sheath (ts), 

oesophagus (oe) cardia (ca): caecum (cm), 
intestine (in). 



Fig. S: Pfumatdta fungosa - hofseshoe-shaped lophophore with tentacles; the mouth is 
located In the bend of the lophophore, overhung dorsally by the epistome (ep). 
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Fig. 11: P!umatdfa fungosa - funculm (fu) connected to the ventral inner side of the 
cystid wall (cw), with the first small buds of statoblasts tsb). 



Fig. 10; Plumatelfa fungosa - tip of the V- 
shaped gut with funiculus (fu). 

c\>ud wall (Fig. UK During growth, ^rafn- 
Hasts are trampurteJ toward the gut (Fig. 

12) and* atter having reached their tina! 
size, they detach from the funiculus and are 
tree^floating in the ciH^lumic iluid, moved 
hy heating of the cilia of perinmeal celb. In 
this phase of development the stan>hl:ists 
are ^rtill surrounded hy the fimcukis epuheli* 
urn and hy the outer epidermal layer of the 
statoblast. Ever>' statuhlast floating in the 
a>eli>mic fluid shuw’s a different level of de¬ 
generation of the tunkulus epithelrum I Fig. 

13) . Star oblasts released hy the zooid consist 
of two valves formed hy the outer epidermal 
layer. Under tavourahle conditions, stato- 
blasts germinate by opening of the valves at 
the equatorial suture (Fig. 14)i the inner liv¬ 
ing ectodermal and mestKlermal material 
then generates the primary zooid (Fig. 15). 

The propag;ition of zwids via hudJing 
takes place at the ventral cystid wall and fol¬ 
lows a strict pattern (Jl'LUEN 1885; Bkaem 
1890; Kraeplin 1892; MaRcXIS 1925; CoRl 
1941). Tile mam hud generated hy the adult 
ziHiid is followed hy an adventive hud situat¬ 
ed between main hud and ovarv' (Fig. 16). 

In temperate ztines* sexual reprtxiuction 
begins in late spring. In P. casmutna^ the go¬ 
nad formation is simutraneous 
2002). The testis anlage originates at the 
upper part of the funiculus, close to the cae¬ 
cum; u then expands tii cover the entire fu¬ 
niculus, even between the junoblasts (Fig. 
17). Spermatogenesis is clearly visible along 
the different sections of the funiculus. Dif¬ 
ferent ;iKad.s sIkiw' the diverse stages, start¬ 
ing with a few' large spermatogones, fol- 
iow'ed hy !ipermatiJs and ripe long-tailed 
spentiiitozoa (Fig. 18). The ovary* a peri¬ 
toneal S41C of the cystid wall, is ptisitioned 
between the budding zone and the tirificium 
(Fig. 16, 19; see aki J'Hondt this snlume). 
The s mail I ovar>‘ contains tmiy .t few' eggs. 

In ripe ziHuds* above rhe ovar>'* the cys- 
nJ wall e ion gates as a second peri to neat sac, 
the stJ'Called embryo sac (Fig, 16* 19, 20). 
Only one fertflized egg is stored in this em- 

Fig. 12; Piumat&lfa fungosa - growing 
statoblast (sb) bulging out of the funiculus 
(fu). 
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br>'o sac- h develops there into the scvcalled 
larva. After cmhrytigenests, the ciliated lar- 
va IS released and swims with the ahoral pole 
oriented forward (Fi^** 21), 


Future prospects 

Tins paper is a preliminary' study in 
terms of future work on classical kjuesiions 
in iiKuJ anatomy and reproduction. Certain 
issues, e.g. in the fieiJ of sexual propai^ation, 
were already addressed by the earliest hr>'- 
o:oan wtirkers hut remain yn.solved until tti- 
day. The planned studies will focus on re- 
production biology as well a.s on the anato- 
my of sensory* organs. 

To investigate demiU of gametogenesis. 
sperm release* ferriliiation and nidation oi 
the egg, and embr^'ogenesis* SEM will be 
used in combination with series of semithm 
sections and transmis,sion electron mi¬ 
croscopy. In asexual reproduction* the dixu' 


l=ig. 13: Statobfasts of PfumateHa fungosa (a) and R casmiana (li) detatched from the 
funiculus artd rotating within the fluid of the coetomic cavity, covered by the peritoneal 
layer (pe) of the funiculus and the outer epidermal layer <oeJ of the statobfast. 



Fig. 14: Ptumateffa casmiana - mature state blast the two valves of the shell demarcated 
by the equatorial suture line (si). 



Fig. IS: Phmatetfa casmiana - two germinating statoblasts Fig. 16: P/umafe//a fungosa - inner side of ventral endocyst wall with 
surrounded by their valves. main bud (mb), adventrve bud (ab), ovary (ov) and embryo sac (es). 
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Fig* 17: Plumatella fungosa - opened 
endocyst with caecym (cm), funkylus (fy), 
testis (te) and statoblast (sb). 
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